Hydropower has superior storage capacity and speedy response to meet sudden fluctuations in electricity demand. According to a recent estimate by International Energy Agency (IEA), its generation capacity could double by 2050. Nevertheless, no great picture of academic knowledge exists in relation to hydropower. This study was undertaken to reveal the academic landscape in this field by analysing the citation network of papers published in academic journals. We collected 7,521 target papers from the Web of Science using a specific search query. Using a topological-based method, all the papers were categorised into clusters according to their own characteristic topics. Results show the existence of six principal research clusters: renewable energy, optimisation of system operation, environmental impact, fish management, water governance and hybrid solutions. Combining the analysis results, clusters were found related to 'small hydropower', 'Mekong Basin hydropower' and 'pumped-storage' are developing, as indicated by the recent increasing trend. Even in developing countries, policymakers should make policy with full access to that knowledge. Governments must prepare environments in which policymakers can access the latest knowledge and information related to their own countries.
Introduction
Hydropower, or more precisely speaking, hydroelectricity as discussed in this study, refers to electricity derived from the potential energy of water captured when moving from higher to lower elevations. Categories of hydropower projects include run-of-river, reservoir-based capacity, and low-head in-stream technology (the least developed). Hydropower encompasses a wide continuum of project scales from large (usually defined as more than 100 MW installed capacity, while the definition varies by country) to small, mini, micro, and pico (widely used in rural electrification) sizes. Being technology related to concepts first put forward by a French engineer in the mid-1770s, hydropower remains a popular interdisciplinary research field today. With thousands of academic papers published annually on this subject, the fast-changing and complicated situation has made it impossible for researchers, even those experts in this domain, to comprehend the whole picture by reading all the papers. Empirical knowledge, case studies, and brief surveys are no longer sufficient, although grasping the current status of hydropower research and development has become imperative.
To meet the challenge created by this huge scale of information, a computer-based approach can be introduced to complement the expert-based approach (Börner et al., 2003; Boyack et al., 2005) . This approach is based on the assumptions that citing and cited papers have similar or at least related research topics and that the interrelationships among thousands of papers constitute a complex citation network. By analysing the citation work, we can elucidate the structure of a research domain consisting of numerous academic papers without reading all of them.
After grasping the academic landscape of hydropower, this research can benefit society in several ways. First, for academia, researchers in this domain can benefit from understanding the fundamental framework of the current status in this research without needing to read such numerous papers. Additionally, it is easier to as certain trends in research topics indicated by groups of newly published papers around central topics. For industry, hydropower itself as a renewable energy with lower technological requirements and lower cost can be found operating almost throughout the world. With the rapid economic growth of emerging countries in recent years, meeting increasing energy demands with limited budgets has led to severe social and political problems. Our research can also contribute to the technology acquisition roadmap for those emerging countries. With an accurate guide to the academic landscape, energy planners can grasp the current status and determine the general direction. They can also find better alternative methods that have recently become available or wait for new solutions in development. In this way, the distance between academia and industry can be shortened. Ultimately, society as a whole can benefit from our research.
Our research examines previous papers using the two approaches of a literature review of hydropower and a citation network analysis. In the literature review under the topic of hydropower, most papers concentrate on certain topics under hydropower, such as small hydropower (Okot, 2013; Oliver, 2002) , hydropower plant operation (Kishor et al., 2007; Labadie, 2004) , and pumped-hydro energy storage (Yang and Jackson, 2011) . Most papers present discussion of the current progress in the research of hydropower related by listing and classifying various technologies with detailed analysis. However, they might be unable to provide a comprehensive picture of research on hydropower because they tend to emphasise some trendy topics specifically while omitting others. In addition, some papers discuss the present situation and future prospects of hydropower in certain countries or areas, which also include discussion covering a series of proper technologies according to local conditions (Huang and Yan, 2009 ). However, they do not provide analysis of a global scale or information related to the development of technologies in other countries. Although citation-based approaches have been applied to studies of various fields such as nanotechnology (Li et al., 2007) and water resource management (Thelwall et al., 2006) , and although some earlier studies have examined other types of renewable energy such as solar power (Shibata et al., 2010) , no similar research has been conducted for hydropower. The major objective of this paper is to grasp the academic landscape of hydropower-related studies and to forecast future development.
Methodology
The overview of the methodology used for this study is illustrated schematically in Figure 1 .
To conduct citation network analysis, we collected a set of academic papers related to hydropower (including 'hydropower' or 'hydroelectricity' in their titles, abstracts, and keywords). We obtained citation data of hydropower-related publications from the science citation index (SCI) and the social science citation index (SSCI) compiled by the Institute for Science Information (ISI) because both are the comprehensive sources for citation data. We used the Web of Science, an online subscription-based scientific citation indexing service maintained by Thomson Reuters, to access these databases.
First, we searched the papers using the query of [('power' or electric*) near 'hydro'] or hydro-power or hydropower or hydroelectric*. The asterisk * represents a wildcard, and using specific search operators 'NEAR', the system can be told to find records where the terms joined by NEAR are within 15 words of each other. Both can help to locate the right results. In all, 7,521 papers were retrieved, which contain a keyword of interest [(1) search by given query in Figure 1 ].
Figure 1 Overview of methodology
The citation network was converted to a non-weighted, non-directed network using respective papers as nodes and citation relations as links as shown [(2) creation citation network in Figure 1 ]. Direct citation is the most effective method for detecting research frontiers because core papers will always be included in the largest component.
In fact, not all the retrieved papers are closely relevant to the major topic of hydropower. Therefore, we specifically examined the largest connected component, which accounted for about 43.2% of all papers (3,250 out of 7,521 papers). We regarded papers having no citation relation with other papers as digressional and ignored them in this research [(3) extract largest connected component in Figure 1] .
Next, using the topological clustering method (Newman, 2004) , the network was divided into several clusters (Newman, 2004; Newman and Girvan, 2004) . Each cluster will represent their contents as well as the important terms extracted the frequently cited academic papers with in each cluster [(4) clustering with topological clustering method in Figure 1 ].
After clustering the network, the visualisation is converted to infer a relation among these clusters intuitively. We use a large graph layout (LGL) that is based on a force-direct layout algorithm (Adai et al., 2004) . This layout can display minimal spanning trees of the network to generate coordinates for the nodes in two dimensions. We visualise the citation network by expressing inter-cluster links as the same colour [(5) visualisation in Figure 1] .
Next, we analysed the characteristics of each cluster by the titles and abstracts of papers that are frequently cited by the other papers in the cluster, as well as journals in which the papers in the cluster were published. We named each cluster and also listed the keywords for each cluster from the titles and abstracts of the top 20 most cited papers in the cluster [(6) topic extraction in Figure 1 ]. The average publication year of papers in each cluster was calculated to ascertain trends in the research field in hydropower research, which might engender emerging technologies in the near future.
Results

Results of the academic landscape
By entering the search query into the search engine of Web of Science, we retrieved 7,521 related papers from the whole database (up to 2013 September 29). As presented in Figure 2 , as an academic field with a long history, the earliest publication recorded in the database dates back to 1904. Different from the slow increase in the early years, there exists a sharp increase in the rate of annual publication starting from around the 1990s, at which time the concept of sustainable development was proposed in Our Common Future by World Commission on Environment and Development (1987) . Because of the lack of sufficient publication data of 2013, a decline is apparent in the number of academic papers between 2012 and 2013. In the next step, the citation network is converted to a non-weighted, non-directed network. Because not all the retrieved papers are closely relevant to the major topic of hydropower, we specifically examined the largest connected component. This component accounted for about 43.2% of the total papers (3,250 out of 7,521 papers). Therefore, we regarded papers showing no citation relation with other papers as digressional and ignored them in this research. After the process of clusterisation, the whole citation network of hydropower is divisible into 50 clusters, where the number of nodes in each cluster varies mutually with the largest cluster (cluster #1) of 656 nodes and the smallest one (cluster #50) containing only three nodes. As explained in the last chapter, papers in each cluster are strongly coupled by intra-cluster citation. As shown in Figure 3 , the number of nodes in each cluster decreases sharply until the ninth cluster. After the 20th cluster, the number becomes trivial. In this way, we can neglect the clusters after the cluster #7 because the top six clusters account for about 80% of the total papers as nodes in this network as depicted in Figure 3 . By assigning different colours to intra-cluster links in different clusters, we can obtain the visualised structure of the citation work, as portrayed in Figure 4 . Some clusters' structures are compact and round like cluster #2, whereas some others are stretched like cluster #3. Usually, the former ones stand for clusters that consist of papers with a strong tendency to cite other papers in the same cluster, whereas the latter ones are related closely to the clusters located in the corresponding direction. When clusters are mutually close, meaning that there exist close citation relations among the papers in those clusters. Table 1 presents characteristics of the top six clusters and sub-clusters in each cluster. Table 1 , cluster #1 has 656 papers in it and is the largest among the 50 clusters. The top keywords of cluster #1 turn out to be quite general and slightly different because the top keyword is the name of a country, 'Turkey', which is apparently not so closely related to the central topic of hydropower. To elucidate the contents of this cluster, we further conducted an in-depth clusterisation of the papers in cluster #1. The top three sub-clusters include research reports related to small hydropower, hydropower in Turkey, and the effect of climate change on hydropower. Although ''Turkey' ranks no. 1 among all keywords of cluster #1, the largest sub-cluster is sub-cluster #1-1, which is about small hydropower. It is also the youngest one among the sub-clusters of cluster #1, corresponding to the current trend of exploiting small hydropower. One cannot ignore the fact that Turkish researchers have contributed the most to the study in this field according to the country rank. According to a recent report, Turkey is increasing its hydropower capacity at a rapid rate to address chronic shortages of electricity and frequent power outages, which is approximately 2 GW in 2012, second only to China (REN21, 2013). Currently, hydropower is Turkey's major renewable energy source, supplying approximately 25.0% of the country's annual electricity generation and the Turkish government has an extremely impressive target to use all technically available hydroelectric potential by 2023 (Melikoglu, 2013) . This market need for hydroelectricity is making a major contribution to the funding for related research in Turkey. Cluster #2 is mainly inclusive of methods and algorithms for optimising the system operation of hydroelectricity generation. Furthermore, cluster #2 is the oldest cluster among the major clusters. According to the top cited (within cluster) papers, cluster #2-1 tends to represent cluster #2; therefore, we named the same topic with cluster #2. Cluster #2-2 is about optimisation methods particularly addressing the scheduling of hydropower operation considering head dependency. Head dependency is regarded as a nonlinear problem. However, cluster #2-3 consisted of papers related to the same topic using a stochastic method. This sub-cluster is the oldest among all sub-clusters in this field.
As for cluster #3, this cluster mainly deals with environmental issues directly associated with the construction of hydroelectric reservoirs, such as greenhouse-gas emissions, influence on fish behaviour, sediment problems. Cluster #3-1 discusses the impact on aquatic fauna by hydropower generation. Because this sub-cluster is also an old one among all sub-clusters, it is apparent that topics related to the impact on aquatic fauna have been discussed for a long time in the hydropower context. Cluster #3-2 consists of papers discussing efficiency for decreasing greenhouse gas emissions. Cluster #3-3 is also about environmental issues, but most of the papers in this sub-cluster specifically examine residual mercury in reservoirs. Cluster #4 discusses fishery matters in the context of hydropower generation. Many papers have reported impacts on ecological systems as a result of the construction and operation of hydropower plants. Not only stakeholders but also designers of hydropower generations are required to contrive ways of avoiding wasteful killing.
Cluster #5 is about water governance. Because cluster #5-1, which discusses the Mekong Basin hydropower, is a young sub-cluster, we can understand that hydropower generation in eastern Asia has been drawing attention in recent years.
Cluster #6 is the youngest major cluster, in which wind and pumped storage are the key topics. Wind-hydro, solar-hydro, and other similar types of hybrid renewable energy systems are discussed in this cluster. Unlike hydropower, the generation of wind or solar energy bears a stochastic nature. Simultaneously, the process of consumption is also uneven and depends on the rhythm of people's lives, type of energy consumption, etc. To balance supply and demand, some energy in times of surplus can be stored and then output in times of deficit, which is a feature of hydropower. Rather than the USA, researchers from Croatia and Greece contribute the most papers to this cluster.
Results of top cited paper within each cluster
We extracted the six most cited papers within each cluster in Table 2 . The top cited (within the cluster) paper in cluster #1 is titled 'small hydropower: technology and current status' (Oliver, 2002) . This paper presents a discussion of the classification of small hydropower plants without reservoirs, the history, mechanism, economics and problems to be solved when these small hydropower generation plants are installed. The publication year of this paper is 2002, which is six years before 2007.8 as the average year of publication in cluster #1. The author of this paper is a senior engineer with IT Power Ltd., an international energy consultancy firm specialising in renewable energy engineering. It is interesting that the top cited paper is written by a person who is in the industrial domain, not an academic person. A paper titled 'optimal operation of multi-reservoir systems: state-of-the-art review' is the top cited paper (within the cluster) in cluster # 2 (Labadie, 2004) . This paper is a review related to the optimal methodology for operation of a multi-reservoir system. The number of times cited within cluster, 57, exceeds the number of times cited within cluster in cluster #1. From the number of citations of this paper (742 papers are cited in this paper), it is apparent that this paper is a comprehensive review paper. In cluster #3, the top cited (within the cluster) paper is titled 'are hydroelectric reservoirs significant sources of greenhouse gases'. This paper explains a hypothesis, the amount emitted is positively related to the area flooded, and is supported by actual data that is retrieved in northern Canada (Rudd et al., 1993) . As for cluster #4, the title of the paper that is top cited (within the cluster) is 'the development of advanced hydroelectric turbines to improve fish passage survival'. Technological progress in hydroelectric generation refers not only toimprovement of power generation efficiency but also environmental considerations. This paper organises studies of the design and operation of turbines designed not to damage fish passing dams (Cada, 2001 ). The top cited paper in cluster #5 is 'Mekong hydropower development', a paper posted on science. With an increase in the significance of energy supply in eastern Asian countries over the years, multiple donors have promoted cooperative frameworks including UN brokered sustainable energy for all (SE4All). Because the area along the Mekong has high potential in hydroelectric generation, neighbouring countries tend to avoid large-scale fossil electric power generation considering public sentiment. Hydroelectric generation, one means of using renewable energy, involves rural electrification using small hydropower even along the branch of the Mekong. The paper most frequently cited in cluster #6 is titled 'combining hydro and variable wind power generation using pumped-storage under economically viable terms', which verifies the economic relevance of the pumped hydro storage (PHS) systems located in the Aegean Sea island, Lesbos (Kapasali and Kaldellis, 2010) . 
Results from time series plot
By plotting the annual publication data (1963-2013) of each cluster in one graph, we obtain Figure 5 . Although varying from each other, the top six major clusters still share several traits in common: first, there are few papers published before the 1980s, indicating that the current dominant research topics are still young compared with the long history of hydropower. Furthermore, there has been a rising tendency in recent years, this trend might be explained using the rapid development of research on sustainability science, which has become a significant issue in contemporary society (Kajikawa et al., 2007) . Hydropower is no longer simply a method to produce electricity, increasingly attention is being paid to other related studies, such as the environmental impact of hydropower in clusters #3, #4, and #5 (Rudd, 1993) . This growth trend is classifiable into three types. The first type is the rapid increase after 2008 as seen in clusters #1 and #6. The second type is the smooth increase as shown in clusters #3, #4, and #5. The third type is the fluctuation in the quantity of academic publications as in cluster #2, for example, the number of publications in cluster #2 drops from the late 1990s and increases again in the late 2000s. However, by plotting the annual publication data of each sub-cluster in each figure, we can obtain Figure 6 (cluster #1) to Figure 11 (cluster #6). These figures identify the areas attracting most attention in recent years. Figure 6 demonstrates that the papers on sub-cluster #1-1: small hydropower has increased in a steady manner since 2004. Figure 10 shows a rapid increase in the number of papers on #5-1: Mekong Basin hydropower. Particularly the number of papers published in 2013 increased to 220% over the last year (five papers in 2012 to 12 papers in 2013), which indicates the popularity of hydroelectric generation in eastern Asian countries. In addition, Figure 11 shows that all sub-clusters (#6-1, #6-2, and #6-3) experienced rapid growth after 2000, although the absolute number of papers published is small. Those sub-clusters demonstrating an increasing trend in recent years are expected to continue attracting attention for a certain period of time in the future. In contrast, the number of recent papers in some sub-clusters including #2-3: stochastic optimisation remains unchanged despite their nature as upper clusters. Therefore, these clusters are less attractive in the area of academic study of hydroelectric generation. 
Oligopoly structure by sub-cluster
Next, the variations in each sub-cluster were calculated using each country. The results were obtained by calculating the Herfindahl-Hirschman index, which generally indicates the oligopoly situation in the market. In this instance, the extent to which each sub-cluster is in the oligopoly situation was calculated based on the share of publications in each sub-cluster in each country. The Herfindahl-Hirschman index HHI is given as shown below. (2010), HHI is divided into the following three criteria:
• unconcentrated: HHI below 1,500
• moderately concentrated: HHI between 1,500 and 2,500
• highly concentrated: HHI above 2,500. Based on these criteria, sub-clusters #1-2, #4-3, and #4-1 might be classified as Highly Concentrated. As seen from the name, #1-2: hydropower in Turkey suggests that many papers are written about hydroelectric generation in Turkey. Therefore, the classification is not in doubt. The three countries producing the largest number of papers on # 4-1: fish passage survival includes the USA with 55 papers, Canada with six papers, and the People's Republic of China with five papers. Similarly, #4-3: migration of salmon includes 47 papers, seven of which are from Canada and four from Japan. All those exhibit the US dominance in the number of papers. The sub-clusters in which a number of countries are uniformly interested (unconcentrated) might be #1-1: small hydropower (HHI = 534), #2-2: scheduling (HHI = 703), #2-3: stochastic optimisation (HHI = 652) and #6-2: hybrid solution (HHI = 752). They all could be sub-clusters in competition.
Discussion
Characteristics of each cluster.
As described in the results section, sub-cluster #1-1 (small hydropower), #5-1 (Mekong Basin hydropower), and cluster #6 (hybrid solution) are young and rapidly developing among the major clusters. The appearance and development of these three topics is closely related to contemporary social needs. In the case of sub-cluster #1-1 (small hydropower), hydropower on a small-scale is not only an extremely cost-effective energy technology that is appropriate for rural electrification in developing countries; it is also the main prospect for future hydropower development in Europe, where large-scale opportunities have either been exploited already, or would now be considered environmentally unacceptable (Oliver, 2002) . How to make electricity generation more efficient and how to strike a balance to maintain both the ecological health of the stream and the economics are the main topics of this research field. Regarding sub-cluster #5-1 (Mekong Basin hydropower), it is well known that the Mekong River and its tributaries have a large potential for hydropower. Moreover, eastern Asian countries surrounding the river are gathering attention as rapidly developing countries. They have huge demand for current and future electricity. Lao PDR is therefore called the 'Battery of Southeast Asia' because this country has large hydro power generation along Mekong River and its tributaries. This country exports electricity to Thailand and other neighbouring countries. Myanmar is an emerging country associated with the wider Mekong. This country also needs enormous hydropower capacity to meet their large demand. In such a situation, not only China but also other countries find opportunities to construct a series of hydropower in the upper and lower stream. It is easy to expect that biodiversity and ecosystem service values will be reduced after constructing them. They also affect the food security of millions of people (Grumbine and Xu, 2011) . In that sense, regional governance issues of Mekong hydropower decision-making are complex and transnational (Grumbine et al., 2012) , addressing social, ecological, economic, and political matters, in addition to ongoing regional governance issues. Although the papers in this sub-cluster #5-1 (Mekong Basin hydropower) are fewer than for other sub-clusters, its growth rate is radical. Base on social and economic situation, this topic might grow now and in the future.
In cluster #6 (hybrid solution), hydropower acts as a large energy container to stabilise the output of electricity. Although the concept of pumped-storage hydroelectricity dates back to the 1930s, it is the rapid development of wind, solar, and other renewable energy that is leading to the research and application of pumped-storage systems in wind and solar power plants. The following Figure 12 is based on wind electricity generation data from the US Energy Information Administration (2015). The chart shows that for most countries listed here, growth starts around 2000 and then continues at an almost constant increasing rate. Especially for the USA and China, growth accelerated in 2007; it has been increasing rapidly ever since. Compared with hydropower, wind and solar power are young technologies. We consider one reason for cluster #6 (hybrid solution) being the youngest cluster is the progress of other renewable energy. An estimated 30 GW of new hydropower capacity came on line in 2012, increasing the global installed capacity by about 3% to an estimated 990 GW. The top countries for hydro capacity are China, Brazil, the USA, Canada, and Russia, which together account for 52% of total installed capacity (REN21, 2013). We managed to obtain hydroelectricity generation data of 2011 (US Energy Information Administration, 2015) . By combining it with the academic publication data, we obtained Figure 13 , indicating a close relation between industry and academia.
As presented in Figure 13 , except for Russia and Venezuela, countries with large electricity generation also possess a high rank among academic publications. Furthermore, the top four countries of both ranks are the same, despite some trivial difference in the order, which is subject to many other factors such as the natural environment. Actually, clusters #2 (optimisation of system operation), #3 (environmental impact), and #4 (fish management) are all related closely to the practical development of hydropower, these four clusters are dominated by China, Brazil, Canada, and the USA, which are also the top four hydropower generating countries in the world (REN21, 2013). Therefore, for hydropower, we regard the relation between industry and academia as extremely close. 
Policy implications
We inferred correlation between the trend of academic studies and that of industrial development. Although hydroelectric generation is a mature technology, proper social implementation of that technology requires collection and analysis of academic knowledge in that field. All of clusters #1-1, #5-1, and #6 are growing rapidly in publication of academic papers. All are attracting social attention.
Developing eastern Asian countries with huge potential for hydroelectric power can benefit from collection of information about the introduction of hydroelectric generation. Access to that knowledge by policymakers of renewable energy in economically developing countries is becoming easier recently. In that sense, policymakers should not make policy without gaining full access to that knowledge. Determining the direction of energy policy influenced by older and less than reliable data or limited information from neighbouring countries might engender the adoption of ineffective or short-sighted policy, making the policy they proposed difficult to evaluate a few years later.
Policymakers in these countries are asked to send information about their own countries to the rest of the world, explaining the recent uses of small hydroelectric power generation and their problems comprehensively (#1-1), what challenges are confronting neighbouring countries (#5-1), and the proper composition of electrical resources to establish a stable supply of electricity on and off grid (#6). In these contexts, governments of developing countries must prepare such environments in which policymakers can access the latest knowledge and dispatch information related to their own countries.
Limitations of this research
Below, we explain some limitations of the approach applied in this research. We collected a corpus of academic publications by making a query, which failed to include some related papers and which excluded some unrelated papers. Results obtained by citation network analysis indicate that the top six major clusters account for most of the total papers, among which small hydropower and pumped-storage system are emerging research fields with an acute increase in recent years. Furthermore, many papers discuss the social and environmental influence that this technology has had or might have on society. As a mature technology, there are lower expectations for new breakthroughs. Therefore, increasing numbers of researchers are now dealing with non-technology issues related to hydropower. However, even though a close relation between academic research and practical applications, not all scientific progress can be commercialised to meet social needs. The bibliographic analysis might be unable to offer sufficient grounds for predicting how emerging technologies will evolve without information related to the application side. Still, the citation network approach is a powerful tool for assisting experts in their construction of fundamental frameworks in domains such as hydropower where the number of annual publication far exceeds the capacity to read all papers.
Concluding remarks
Hydropower, as an important renewable energy resource, is indispensable for the development of the economy and society. To meet the rapidly increasing demand for electricity, a growing body of research assesses and explains hydropower. Although is it impossible to read all the papers published each year, planners of energy research and energy researchers must grasp broad trends in hydropower research, and make decisions on effective investment with limited resources. The computer-based approach is expected to offer supplemental information. This paper visualised the structure of hydropower by analysis based on citation relations among relevant publications, and used a topological clustering method to detect the major topics of hydropower (Newman, 2004; Newman and Girvan, 2004) . Our citation analysis extracted six main research domains: renewable energy, optimisation of system operation, environmental impact, fish management, water governance and hybrid solution. Among these major clusters, small hydropower, Mekong Basin hydropower and pumped-storage system are currently developing topics that correspond to the development of small hydropower and hybrid power plants on the application side. A comparison of the data of hydroelectricity generation and academic publication shows that the relation between academia and industry of hydropower is quite close.
The analysis produces concise summary of the overall structure of the target research field and emerging research topics. However, we discarded most contents of the papers during analysis. For instance, each cluster is named after the title and abstracts of the top 20 most cited papers in the cluster. By this process, information from less-cited papers is ignored, which in some situations might have great potential as new technologies. Furthermore, our analysis is determined greatly by the pile of publications we extracted in the first step. It is not an easy task to define a research domain using queries. The method of query selection to define a research domain effectively is beyond the scope of this paper. It leaves room for future improvement. The last shortcoming of this approach is the existence of a time lag. It takes time for a paper to be recognised by academia; it also takes time from the completion of research to the publication. Without amendments based on experts' opinions, the so-called current status might not be so current. Moreover, it can be difficult to grasp the current landscape correctly.
Although the computer-based approach is a powerful tool for summarising and visualising the overall structure of a target research domain in a way that even cannot be done by experts, the results obtained using this approach provide only a reference point for those who contribute to hydropower development. We hope that the obtained landscape can help to promote research on hydropower by enabling the current status to be grasped quickly and clearly.
Even in developing countries, recently, policymakers should make policy with gaining full access to that knowledge. Governments must prepare such environments in which policymakers can access the latest knowledge and dispatch information related to their own countries.
